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Aims: Defects in the pubovisceral portion of the levator ani muscle are seen with MR imaging. This
study aims to determine interrater reliability of physical examination in detecting these defects, and
to validate ¢ndings from physical examination using comparisons with MR images.Methods: Two
examiners palpated the pubovisceral muscles of 29 women to assess for defects in this muscle. Each
examiner was blinded to the others ¢ndings. MR scans were acquired on a further 24 women after
structured clinical examination by one examiner. These images were read to determine pubovisceral
muscle defects, blinded to patient identi¢ers. Agreement between raters and between MR imaging
and clinical examination were calculated. Results: The two examiners had positive agreement
(presence of a defect) of 72.7% and negative agreement (absence of a defect) of 83.3%. The positive
agreement between physical examination and MR imaging was 27.3% and the negative agreement
86.5%. Conclusion: The structured physical examination to detect defects in the pubovisceral
portion of the levator ani muscle can be learned as shown by good interrater agreement.
However, examination alone underestimates these defects compared with MR imaging. Neurourol.
Urodynam. 25:50 ^54, 2006.  2005 Wiley-Liss, Inc.
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INTRODUCTION
Defects in the levator ani muscle have long been recognized
as a contributing cause of pelvic £oor dysfunction [Halban
and Tandler, 1907; Berglas and Rubin, 1953; Koelbl et al.,
1989; Hanzal et al., 1993; DeLancey et al., 2003]. MR imaging
has objectively demonstrated these defects in women with
stress urinary incontinence and pelvic organ prolapse particu-
larly in the region of the pubovisceral portion of the levator
ani [Tunn et al., 1998; Hoyte et al., 2001]. This part of the mus-
cle, also known as the pubococcygeal muscle attaches the
pelvic organs, including the tissues that support the urethra,
to the pubic bones. Imaging studies, however, are expensive,
and at present, not obtained during routine clinical care.
The levator muscle is palpable through the vaginal wall on
physical examination. Damage occurring after vaginal birth,
as assessed by digital palpation, has previously been recorded
[Gainey, 1943, 1955]. The accuracy of physical examination,
however, against objective imaging techniques needs to be
clari¢ed. We therefore sought to determine the accuracy of
physical examination compared with MRI to detect these
abnormalities and whether acceptable agreement between
examiners could be achieved on physical examination without
MR imaging.Without knowledge of the reliability and validity
of inexpensive physical examination as a determinant of
defects, we are limited in our ability to study questions such
as: ‘‘Is levator ani injury associated with operative failure?’’ or
‘‘Do certain obstetrical factors cause levator ani injury?’’
The purpose of this study was to determine interrater relia-
bility in detecting abnormalities in the pubovisceral portion of
the levator ani muscle, and validate ¢ndings from physical
examination using comparisons with MR images.
MATERIALS AND METHODS
Test-Retest in Physical Examination
In 29 women presenting for routine care in a urogynecol-
ogy clinic, two physician examiners assessed the pubovisceral
portion of the levator ani muscle by using a structured exam-
ination while remaining blinded to one another’s results. The
¢rst examiner (JD), was a recognized expert in the ¢eld of
urogynecology with greater than15 years of experience in ana-
tomical dissection, pelvic £oor imaging, and assessing the
levator ani muscle on physical examination. The second
Abbreviations: BS, bulbospongiosus; HM, hymenal ring; ICM, iliococcy-
geal muscle; LM, labia majora; OI, obturatir internus; PE, physical examina-
tion; PB, pubic bones; PVM, pubovisceral muscle; R, rectum; U, urethra; V,
vagina.
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examiner (RK),we will refer to as a‘‘trained examiner,’’ having
trained with the expert for 6 months time,was felt to represent
the skill level that an individual wishing to carry out research
on the levator ani muscle would possess.
Each evaluated the presence of muscle defects using the fol-
lowing maneuvers: (1) the pubovisceral muscle was palpated
by placing the index ¢nger laterally in the lower one third of
the vagina (within approximately 2^3 cm of the hymen) so
that the middle of the distal phalanx lies on the normal loca-
tion of the pubovisceral muscle. Palpation assesses presence
or absence of muscle bulk at rest and during contraction (con-
traction assists in identifying the presence of small amounts of
muscle). Contraction of the bulbospongiosus muscle (outside
the hymen) and iliococcygeal muscle (greater than 3 cm above
the hymen) are di¡erentiated from the targeted pubovisceral
muscle and assist in con¢rming that a woman understands
what to do.
For each physical examination, both the left and right sides
of each muscle were evaluated and a defect judged to occur
when the bulk of the pubovisceral portion of the levator ani
muscle was found to be palpably di¡erent than that found by
prior experience in assessing nulliparous women. In addition,
to the levator ani assessment, the pelvic support of each
woman was measured and recorded as the pelvic organ quan-
ti¢cation score (POP-Q) [Bump et al., 1996].
Comparisons Between Physical Examination and MRI
An additional 24 women, recruited for an Institutional
Review Board approved parent research study on pelvic £oor
disorders, also received a structured physical examination (by
only the trained examiner) along with a multiplanar proton
densityMR image of the levator ani.The images were acquired
using 2-dimensional fast spin (echo time, 15 msec; repetition
time, 4,000 msec) at 5 mm intervals using a 1.5 Tsuperconduct-
ing magnet (Signa; General Electric Medical Systems,
Milwaukee, WI) with version 5.4 software, as previously
described [Chou and DeLancey, 2001]. The resulting MR
images were read to determine defects in the pubovisceral
portion of the levator ani while remaining blinded to patient
identi¢ers linking the MR to the physical examination.
An example of the appearance of normal and abnormal
pubovisceral muscle as seen on MR images are provided in
Figure 1. Note the loss of pubovisceral muscle bulk between
the vagina and the internal obturator muscle in the axial and
coronal scans. Determinations of muscle integrity were based
on our previous experience with assessing normal muscle
morphology [Strohbehn et al., 1996; Chou and DeLancey,
2001; DeLancey et al., 2003].
Statistical Analysis
For statistical analysis, positive or negative ¢ndings
of defects were documented for each subject on physical
examination and MR image. Agreement between raters, and
between MR image and physical examination ¢ndings, are
reported using overall proportion of agreement, positive
agreement, negative agreement, agreement expected by
chance, and agreement corrected for chance (Cohen’s kappa).
These statistical computations, each with advantages and
disadvantages in describing the data, are detailed in Kundel
and Polansky [2003].
Fig. 1. MR proton density axial images (left) and coronal images
(right) of three women showing both normal and abnormal pubovisc-
eral muscles. The top images are from a nulliparous women. The
pubovisceral muscle (PVM) is shown between the urethra (U), vagina
(V), rectum (R) and obturator internusmuscle (OI) as it attaches to the
pubic bones (PB). The iliococcygeal (ICM) portion of the levator ani is
shown in the coronal images. The arrows indicatewhere the bulkof the
pubovisceral muscle is palpated on physical examination with the
index finger in the vagina. The hymenal ring (HM), labia majora (LM)
and the bulbospongiosus (BS) are indicated for reference. Themiddle
images are of awomanwith a unilateral abnormality on the right side of
the images. The difference between the bulk of the pubovisceral
muscle is appreciated between the two sides. The lower images are of
a womanwho has a bilateral abnormality of the pubovisceral muscles.
No muscle is palpated on examination.
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RESULTS
The age, parity, and obstetric history of the women in the
study are shown inTable I.The stages of prolapse are shown in
Table II.
Results of Test-Retest in Physical Examination
The overall proportion of agreement was 79.3%, however,
there was an imbalance in the proportion of positive and
negative ¢ndings within the sample. The trained examiner
detected muscle defects in 9 of 29 women, the expert examiner
detected muscle defects in 13 of 29 women, and both were in
agreement that defects existed in 8 women.We therefore calcu-
lated positive agreement (presence of defect) 72.7%, negative
agreement (absence of defect) 83.3%, and expected agreement
by chance 51.9%. Cohen’s kappa and standard error for agree-
ment between the two raters in physical examination of the
pubovisceral muscle was 0.569  0.18 (TableV). Details of the
agreement between the two examiners on physical examina-
tion are reported inTable III.
Results of MRI and Physical Examination Comparisons
Cohen’s kappa and standard error for agreement between
the MR images and the physical examination of the pubovisc-
eral muscle was 0.444  0.18. The overall proportion of agree-
ment was 79.2%, positive agreement (presence of defect) was
27.3%, negative agreement (absence of defect) was 86.5%, and
expected agreement by chance was 62.6%. The MR images
demonstrated muscle defects in eight women and the trained
examiner detected muscle defects in three of these same
women. Details of the agreement between the MR images
and the examiners results by physical examination are
reported inTable IV.
DISCUSSION
This is the ¢rst study to focus attention on detecting defects
in the levator ani muscle by physical examination with com-
parisons between raters and to an objective measure obtained
by MR imaging. The study con¢rmed by good correspon-
dence between blinded examiners that the physical examina-
tion can be readily learned. Defects in the pubovisceral
portion of the levator ani muscle discovered on physical exam-
ination were con¢rmed by MR imaging. No false positive
¢ndings on examination were observed in this small sample,
suggesting minimal risk of overestimating defects on physical
examination. However, there was only moderate strength of
agreement beyond chance in comparing physical examination
¢ndings toMR image ¢ndings, and physical examination esti-
mated the number of women with defect at less than half the
rate of those detected by MR imaging. Accuracy in ¢ndings
based only on physical examination by an examiner of trained
examiner capability was found to be insu⁄cient for answering
questions such as prevalence rates of the abnormality in var-
ious populations, or for con¢dently addressing potential
research questions on associations of levator ani defects with
comorbidities such as prolapse or incontinence. It may be
possible to improve on this with extensive training.
It has long been recognized that the levator ani muscle
plays a critical role in pelvic organ support [Halban and
Tandler, 1907; Berglas and Rubin, 1953]. Despite this general
appreciation of the muscle’s importance, scienti¢c study of
the muscle has begun only recently with the advent of MR
imaging that can objectively visualize normal and abnormal
muscle anatomy. Evidence of muscle damage have been
reported in women with pelvic organ prolapse and stress urin-
ary incontinence and progress is being made to assess what
speci¢c role this muscle injury plays in the pathogenesis of
these common problems [Berglas and Rubin, 1953; Koelbl
et al., 1989; Kirschner-Hermanns et al., 1993; Hoyte et al.,
2001]. Because the medial margin of the levator ani muscle is
connected to the urethral supports [DeLancey, 1988] and the
target of treatment with pelvic muscle exercise, the status of
the levator ani muscle has particular implications for stress
urinary incontinence.
The importance of establishing a technique that can reli-
ably and accurately detect injury to the levator ani muscle that
can be used by average examiners is important. Levator ani
TABLE I. Demographics of the Two Cohorts PE (Physical
Examination)
PE/MR PE/PE
Age (years) mean  SD 58.2  11.8 61.6  12.1
Parity (median, range) 2, 0^ 6 3, 1^5
Vaginal birth (median, range) 2, 0^ 6 2, 1^3
Forceps (median, range) 0, 0^ 4 0, 0^1
Cesarean section (median, range) 0, 0^1 0, 0







TABLE III. Different Investigators Judgments of Significant
Levator Ani Defect Presence or Absence by Physical Exam
of 29 Women
RK physical exam
JD physical exam Presence of defect Absence of defect Total
Presence of defect 8 5 13
Absence of defect 1 15 16
Total 9 20 29
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muscle damage is twice as common in women with new-onset
stress incontinence after ¢rst birth [DeLancey et al., 2003] and
there is suggestion, for example, that damage to the levator ani
muscle is associated with operative failure for prolapse [Koelbl
et al., 1989; Hanzal et al., 1993], signi¢cant in light of the fact
that 29% of women experience operative failure [Olsen
et al., 1997]. If we knew de¢nitely the obstetrical factors
that place women at increased risk of signi¢cant injury we
may be able to prevent levator ani injuries in the delivery
room, but accurate determination of levator ani injury is a
necessary precursor to these studies. Availability of MR ima-
ging as an accurate technique rather than reliance on physical
examination alone may prove instrumental in completing
these needed studies.
The structured examination used in this study focuses on
detecting an absence of muscle substance in the pubovisceral
portion of the levator ani muscle; the region we have found
most often damaged by vaginal birth [DeLancey et al., 2003].
It is di¡erent than previously published techniques of exami-
nation [Worth et al., 1986; Sampselle et al., 1989; Brink et al.,
1994]. Previous studies have generally employed a scale asses-
sing three characteristics: pressure, duration, and displace-
ment in plane [Brink et al., 1994; Sampselle et al., 1989]. These
focus on the function of the muscle rather than its bulk or
structural integrity. An earlier study included muscle ribbing
as a 4th characteristic [Worth et al., 1986] but our technique
focuses attention on detecting structural defects in the levator
ani muscle that involve loss of muscle substance. Further
research will elucidate how these techniques perform in asses-
sing pelvic muscle function compared with other techniques
such as EMG, force measurement, and intravaginal pressure
quanti¢cation.
It is possible that additional training could improve the
results of physical examination, but we felt it best to evaluate
the accuracy of the type of individual that would normally be
expected to carry out examinations in a research setting. It
must be emphasized that these results are speci¢c to the two
individuals chosen at a point in time. The trained examiner,
whose readings were compared to MR ¢ndings, could
improve to reduce false negatives by additional practice with
comparisons to MR image results. However, the interrater
reliability results,whichwere good, suggest that trained exam-
iner’s ¢ndings largely paralleled the expert’s ¢ndings. Both of
the examiners had excellent knowledge of the anatomy and
previous experience with reviewing many MR scans of nulli-
parous women and comparing them to multiparous women
who had defects seen in the levator ani. This anatomical
insight provided byMRwas the driving force behind develop-
ing a speci¢c clinical examination to detect these defects.
Alternatively, it is possible that the defect ¢ndings on MR
images could have been an overestimate. However, additional
studies have con¢rmed the anatomical correctness of the MR
portrayal of the pubovisceral muscle, and validated the same
defects by comparisons with expected clinical ¢ndings such as
higher rates of defects in women with prolapse [Hoyte et al.,
2001, Singh et al., 2003]
Further work is suggested to determine if physical exami-
nation techniques in others’ hands can achieve results that
minimize the rate of false negatives that we obtained. Obste-
tricians and gynecologists examine many nulliparous women
that provide a healthy sample of women for all interested
clinicians to become familiar with the normal con¢guration
of this muscle and become experienced in its assessment.
But until proven otherwise, caution is indicated in making a
de¢nitive conclusion of ‘‘normal muscle’’ in a parous woman
when assessing by physical examination alone.
Findings from this study demonstrate acceptable interrater
reliability between two examiners in assessing defects in the
pubovisceral portion of the levator ani muscle by physical
examination. Positive ¢ndings by physical examination were
con¢rmed by MR images. However, negative ¢ndings were
inaccurate in half of the women who by subsequent MR
imaging were found to have a greater than twofold higher pre-
valence of pubovisceral defects compared with those detected
by physical examination alone. Poor positive agreement on
defects between physical examination and MR images sug-
gests that using physical examination only may grossly under-
estimate the prevalence of levator ani injury compared with
proven cases byMR imaging.
CONCLUSION
A structured physical examination to detect defects in the
pubovisceral muscle can be learned as shown by good inter-
rater reliability, however examination alone underestimates
these defects and MR imaging remains the method of choice
for assessing levator ani defects.
TABLE IV. Same Investigator Judgment of Significant
Levator Ani Defect Presence or Absence by MRI Readings
Versus Physical Exam in 24 Women
RK physical exam
MRI reading Presence of defect Absence of defect Total
Presence of defect 3 5 8
Absence of defect 0 16 16
Total 3 21 24
TABLE V. Agreement Between Raters, Examination
and MRI
Agreement





P0 Overall 0.793 0.792
Ppos Positive for defect 0.727 0.273
Pneg Negative for defect 0.833 0.865
Pe Chance 0.519 0.626
K  SE Chance corrected 0.569  0.15 0.444  0.18
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